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Using topical instillation of non-selective and selective #-adrenoceptor antagonists we examine the 
proposal that a deficit in inhibitory sympathetic innervation of ciliary smooth muscle may be a specific 
precursor to the onset and development of late-onset myopia (LOM). Post-task accommodative 
hysteresis, a possible consequence of such a deficit, was assessed by measuring the time-course of 
regression of accommodation when open-loop (darkness) conditions were immediately imposed 
following far and near tasks. For the proposal to be feasible only LOMs should exhibit post-task 
responses which fail to differentiate the type of #-antagonist employed. As the overall profile of 
responses to #-adrenoceptor antagonism was equivalent for each of the three different refractive groups 
(emmetropes N = 6; early-onset myopes N = 5; LOMs N = 5) we conclude that a propensity to LOM 
is not associated with a deficit in sympathetic inhibition. 
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INTRODUCTION 
Many studies have proposed that excessive accommoda- 
tive effort associated with habitual and sustained periods 
of near-vision is conducive to the development of my- 
opia in the young eye, although methods of treatment 
based on this premise have met with limited success. It 
is clear that should such an association exist then it is 
likely to be complex and inextricably inked to hereditary 
predisposition (Goldschmidt, 1968; Curtin, 1970; Sorsby 
& Benjamin, 1973; Goldschmidt, 1990; Jensen, 1991). 
Although myopia in the young eye stabilises around 
the age of 15 years, a significant number of individuals 
exhibit myopia later in life. Late- or adult-onset myopia 
(LOM) appears typically in the late teens or early and 
middle twenties, constitutes around 8% of all myopia, 
and has no clear hereditary basis (Goss & Winkler, 1983; 
Grosvenor, 1987; O'Neal & Connon, 1987; National 
Research Council, 1989; Baldwin, Adams & Flattau, 
1991). Usually, LOM develops over a relatively short 
period and stabilizes at low dioptric levels of around 
1.5 D. Nevertheless levels of up to 4 D are not uncom- 
mon (Adams, 1987) and have allowed ocular biometric 
studies to demonstrate that the principal structural 
correlate for both early-onset myopia (EOM) and LOM 
is elongation of the posterior vitreous chamber depth 
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(McBrien & Millodot, 1987a; Bullimore, Gilmartin & 
Royston, 1992; Grosvenor & Scott, 1991, 1993). 
Attention has been drawn to LOM as its association 
with accommodative function is more clearly defined 
than in EOM. Onset of LOM is invariably reported as 
being directly linked to an occupational requirement for 
significantly increased amounts of near-vision or to a 
change in visual environment in the work-place (notably 
an increase in the use of VDUs). In experimental terms 
the LOM group has special advantages in comparison 
with EOMs: they are accessible (often being drawn from 
the student population), can participate ffectively in 
relatively complex experimental procedures, and can 
comply more readily with the strictures of ethical re- 
quirements for ocular drug studies. 
Workers have offered evidence, albeit equivocal, that 
LOM can be distinguished from other refractive groups 
with regard to a variety of accommodative and oculomo- 
tor responses (McBrien & Millodot, 1982a, b; Rosenfield 
& Gilmartin, 1987a, b, c; Rosenfield & Gilmartin, 1988; 
Owens, 1991) and the findings have raised issues 
concerning the amelioration of LOM using operant 
conditioning or biofeedback procedures (Gilmartin, 
Gray & Winn, 1991). The most consistent distinguishing 
feature is that the resting or tonic level of accommo- 
dation (TA) is significantly lower in LOM than in 
emmetropia, around 0.4D when measured with an 
infra-red (IR) optometer (Bullimore & Gilmartin, 1987; 
McBrien & Millodot, 1987b). 
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This finding is of particular interest as it was the 
prescient study of Ebenholtz (1983) which posed the 
question as to whether near task-induced shifts in 
TA could act as a precursor to induced myopia. 
Short- and long-term measures of these shifts can 
be distinguished from those linked to the physical 
properties of the accommodative plant and have become 
established as reasonable open-loop indices of the 
extent o which the accommodative system can adapt 
to sustained closed-loop accommodation (Schor & 
Johnson, 1984; see for reviews Rosenfield, Ciuffreda 
& Gilmartin, 1992; Rosenfield, Ciuffreda, Hung & 
Gilmartin, 1993). 
Using similar laser optometer measurement tech- 
niques to those used by Ebenholtz (1983), work by 
Gilmartin and Hogan (1985) demonstrated that TA 
could also be modified by topical instillation of drugs 
which interfered with sympathetic innervation of ciliary 
smooth muscle (see Gilmartin, 1986 for review). The 
notion that sympathetic inhibitory function might some- 
how be linked to the genesis of induced or late-onset 
myopia was thus conceived in that a deficit in inhibition 
might enhance susceptibility o post-task accomodative 
hysteresis nduced by sustained near vision. 
The hypothesis ubsequently received support from 
the finding that the inhibitory nature of sympathetic 
innervation of ciliary smooth muscle was augmented by 
sustained near vision. 
Gilmartin and Bullimore (1987) measured accommo- 
dative adaptation in a group of young emmetropes 
(N = 15) with reference to pre- and post-task TA using 
an objective IR optometer. They could illustrate that 
post-task accommodation normally regressed to pre- 
task TA levels within 60 sec but that topical instillation 
of timolol enhanced significantly the magnitude and 
duration of post-task positive shifts in TA induced by 
the 5 D task. No equivalent effect was evident with 
timolol for the 0.3 D task. Gilmartin and Bullimore 
(1987) found that the inhibitory effect occurred princi- 
pally in those emmetropes who had relatively high levels 
of pre-task TA and they consequently proposed that 
emmetropes with low pre-task TA levels may prove more 
suceptible to the development of LOM. 
The comprehensive study of McBrien and Millodot 
(1988) measured ifferences in adaptation of TA in 
emmetropes, EOMs, LOMs and hypermetropes. Using 
the same optometer as that employed in the Gilmartin 
and Bullimore (1987) study, and adopting approximately 
the same criteria for classfying LOM, their data showed 
significant positive shifts in TA for LOMs (N = 10) 
following 15 min tasks located at 0.27 D and 5 D when 
compared to emmetropes (N = 16). Mean shifts of 
around +0.35 D were evident at the first 1 rain data 
point and were maintained and somewhat enhanced at 
the subsequent 7 and 15 min data points. 
Subsequently Gilmartin and Bullimore (1991) con- 
sidered whether the differences reported by McBrien and 
Millodot (1988) were in fact a sequel to more enhanced 
differences occurring prior to their 1 min recording 
point. Using a similar methodology to that used pre- 
viously (Gilmartin & Bullimore, 1987), the work demon- 
strated significant differences between post-task 
regression patterns for emmetropes and LOMs which 
became more marked as accommodation stimulus levels 
increased. For example, following a 5 D task, the post- 
task accommodation f emmetropes (N = 15) reached 
pre-task TA levels within 50 sec whereas for LOMs 
(N = 15) the initial rapid regression of accommodation 
to between 0.2 and 0.4 D above pre-task TA levels was 
maintained over most of the 90 sec recording period, 
that is hysteresis effects dissipated at a lower rate than 
in emmetropia. The differences could not be linked to 
variations in either within-task accommodative response 
or pre-task TA levels. A recent study (Strang, Winn & 
Gilmartin, 1994) using similar measurement techniques 
has confirmed the findings of Gilmartin and Bullimore 
(1991). 
Compilation of the results of the above studies would 
give some support to the proposal that the onset of LOM 
might follow a progressive sequence: first, a specific 
deficit in sympathetic inhibition of ciliary smooth muscle 
(possibly associated with the relatively low levels of TA 
evident in LOM, Bullimore & Gilmartin, 1987; McBrien 
& Millodot, 1987b); second, a subsequent propensity to 
post-task accommodative hysteresis following sustained 
near-vision; finally, accumulation of these micro- 
adaptational processes to a level which promotes 
elongation of posterior vitreous chamber depth. Issues 
related to this proposal have been addressed ina number 
of reports (Gilmartin & Bullimore, 1987; Fisher, 
Ciuffreda & Levine, 1987; McBrien & Millodot, 1988; 
Ebenholtz, 1988; Ebenholtz, 1992; see for reviews 
Owens, 1991; Gilmartin, Bullimore, Rosenfield, Winn & 
Owens, 1992). 
For the sequence to be feasible the corollary is that the 
profile of response to fl-adrenoceptor antagonist agents 
in LOM is significantly different from that in 
emmetropia, in particular enhancement of the magni- 
tude and duration of post- near task positive shifts in TA 
demonstrated with timolol by Gilmartin and Bullimore 
(1987) on a subset of emmetropes. 
The present study determines the profile of post-task 
accommodative response to fl-adrenoceptor antagonist 
agents for emmetropes (N = 6), EOMs (N = 5), and 
LOMs (N = 5) using similar techniques to those used in 
our previous reports. The methodology adopted oes, 
however, differ in a number of important respects, 
notably the use, as a control, of betaxolol HC1, a 
fl-adrenoceptor antagonist with predominantly ill- 
activity. In addition EOMs are included as a refractive 
group as the myopia is linked principally to hereditary 
rather than accommodative factors. In this respect 
EOMs can be distinguished from LOMs but categorised 
with EMMs. 
METHODS 
Subjects and tasks 
Sixteen subjects, all undergraduates from the Depart- 
ment of Vision Sciences, were used: 6 emmetropes, 
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TABLE t. Details of experimental subjects used: emmetropes (EMMs); early onset myopes 
(EOMs); late-onset myopes (LOMs) 
EMMS EOMS LOMs 
(N = 6; 1M, 5F) (N = 5; 2M, 3F) (N = 5; 2M, 3F) 
Refractive group X SD X SD X SD 
Age (yr) 22.33 3.26 22.60 4.04 22.00 4.69 
Refraction (mean sph.D) +0.17 0.18 -3.42 1.79 -1.52 0.76 
Myopia onset (yr) -- -- 11.20 2.49 18.80 2.68 
Tonic accommodation: 
all conditions (mean sph.D) 0.82 0.41 0.65 0.49 0.61 0.40 
5 EOMs and 5 LOMs. All subjects igned a consent form 
prior to taking part in the study and following a 
full explanation of all the procedures. Table 1 gives 
details of the subject groups. Cylindrical corrections 
were never greater than 0.75D, monocular visual 
acuities (corrected or uncorrected) were 6/5 or better and 
none of the subjects had any form of visual abnormality. 
Refractive rrors were corrected with ultra-thin AcuVue 
(Johnson & Johnson, Vistakon, U.K.) soft contact 
lenses. 
Subjects were randomly allocated to two trials, each 
of which lasted approximately 90 min. Each trial was 
separated by a period of at least 2 days and comprised 
a combination of 1 of 2 drug conditions which used 
proprietary preparations of the fl-adrenoceptor antag- 
onists timolol maleate 0.5% (Merck, Sharp and Dohme, 
U.K.), and betaxolol HC1 0.5% (Alcon, U.K.), with one 
of two task locations (far, 0.2 D; near, set approximately 
4.0 D above the accommodation response level found 
for the far task). The far target was a single line of 6/9 
high-contrast black-on white letters on an internally 
illuminated (350 cd m --~) Snellen Chart. The near target 
stimulus characteristics were equivalent to the far target 
but the letters were printed on card. 
fl-Adrenoceptor antagonists employed 
In contrast to our previous experiment (Gilmartin 
& Bullimore, 1987) this experiment employs betaxolol 
HC1 rather than saline as a control agent. A number of 
laboratories have demonstrated pharmacologically that 
fl2-adrenoceptors predominate in excised human ciliary 
smooth muscle (Van Alphen, 1976; Lograno & Reibaldi, 
1986; Wax and Molinoff, 1987; Zetterstr6m & Hahnen- 
berger, 1988). Consequently inhibition of ciliary smooth 
muscle occurs with the predominantly non-selective 
(with respect to fl, or f12) fl-adrenoceptor antagonist 
timolol but to a much lesser extent, if at all, with the 
predominantly fl,-adrenoceptor antagonist betaxolol. 
Both agents will, however, reduce intraocular pressure 
(IOP) by virtue of fl-receptor activity elsewhere in the 
eye and therefore betaxolol serves as a useful control 
agent with respect to the possibility of interaction 
between variations in IOP and accommodation. 
Sequence of measurements 
Subjects were allowed 30 min to adapt to their soft 
contact lenses. All trials incorporated an initial 3 min 
period in the darkroom to allow accommodation to 
regress to a base-line tonic level (TA). During the next 
2min 20 darkroom accommodation readings were 
taken and averaged to give a pre-task TA value. The 
subject hen viewed binocularly either the far or the near 
target (randomly allocated) for a 3 min period with the 
instruction to exert, for the near task, the same level of 
accommodative effort as that normally employed when 
reading a book. The level of accommodation exerted 
during the task was recorded every 6 sec apart from the 
final 15 sec when approximately 9 recordings were taken. 
2 sec before the end of this period an auditory signal 
indicated to the subject he imminent onset of darkness 
and the need to maintain steady straight-ahead fixation. 
On extinguishing the lights, accommodation regression 
was measured at 1.5 sec intervals over a 60 sec post-task 
recording period. Following a 10min break the pro- 
cedure was repeated for the other target condition. The 
sequence of stimulus conditions and presentations was 
controlled by an Apple IIe computer. 
Instillation of drugs and measurements of IOP were 
carried out after a further 10min break. In order 
to monitor the well-known ocular hypotensive ffects 
of timolol and betaxolol, IOP was measured at the 
beginning of this period using a non-contact tonometer 
(American Optical, U.K.) following instillation of a 
single drop of the topical anaesthetic benoxinate HC1 
(0.4%). Following this, subjects' right and left eyes 
were given single instillations of drug for the timolol 
trial and two instillations of drug (separated by a period 
of 3min) for the betaxolol trial. Pilot studies had 
indicated that these dosages would induce approxi- 
mately the same reduction in IOP. Both experimenter 
and subject were unaware of which agent had been 
instilled as instillation was arranged via an intermediary. 
The instillations were made using a precision mi- 
cropipette such that each comprised 30#i of drug. 
Following drug instillation subjects were instructed to 
return after 35 rain and to not engage in the intervening 
period in intensive close work or rigorous exercise. 
On returning, IOP was measured and accommodation 
regression patterns for both target distances were 
determined as described above. 
Measurement of accommodation 
Accommodation was measured with the Canon Auto 
Ref R-1 (Canon Europa, U.K.) an objective IR auto- 
refractor which uses the grating-focus principle. Sphere 
and cylinder powers are recorded to an accuracy of 
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FIGURE 1. Plot of raw data for accommodative r gression (all 
conditions) for subject EW, a late-onset myope, following far and near 
tasks. The plot is over 60 sec of the post-task period (40 data points 
per plot). Plot symbols have been omitted for clarity. Key: 
Post-timolol trial (far/near); . . . .  Post-betaxolol trial (far/near); - -  
Pre-timolol trial (far/near); . . . . . . . .  Pre-betaxolol trial (far/near). 
0.12 D (all powers being referred to the corneal plane) 
but the study used mean spheres for all accommodation 
measures. The optometer was used in its single-shot 
mode and an interface (designed and distributed by 
S. W. Spadafore, Franklin & Marshall College, P.O. 
Box 3003, Lancaster, PA 17604, U.S.A.) was used 
to connect the printer port of the autorefractor to a 
Macintosh Classic computer such that accommodation 
could be sampled and recorded successively at 1.5 sec 
intervals. 
RESULTS 
Figure 1 represents for subject EW, a late-onset 
myope, actual regression patterns for all conditions 
following both far and near plotted over 60 sec of 
the post-task period (40 data points per plot). The 
rapid regression of accommodation following the near 
task is evident for all conditions apart from timolol 
where a marked attenuation of regression is clearly 
evident compared to the control betaxolol condition. 
Pre-timolol and pre-betaxolol regressions are very 
similar. 
In previous reports we have measured post-task 
accommodative r gression patterns with reference to 
pre-task levels of tonic accommodation (TA) and 
thus these measures have represented relative shifts in 
pre-task TA. There are limitations to this approach 
related principally to uncertainty regarding both the 
short-term stability of TA and the differences in final 
resting levels that can occur when comparing regression 
from a far task with regression from a near task, that is 
there is a rsting zone which can extend to 1 D (Baker, 
Brown & Garner, 1983). Furthermore it is probable that 
regression patterns can be modified by a variety of 
influences which are extraneous to the actual level of 
within-task accommodation. I  this study the accommo- 
dative regression pattern resulting from the minimal 
level of accommodation associated with the far task 
is taken as a control condition. Thus data points that 
constitute the far regression are each subtracted from 
those for the near regression for each condition. The 
difference between near and far regressions is then 
plotted as a percentage of the difference between mean 
levels of near and far accommodation level occurring 
during the final 15 sec of the task period (see Table 2). 
This procedure accounts for the variation in far and near 
accommodation levels that inevitably occurs between 
subjects and between conditions (Schaeffel, Wilhelm & 
Zrenner, 1993). 
Three factor split-plot ANOVAs were carried out 
on the % accommodation regression data collected for 
pre- and post-timolol and pre- and post-betaxolol 
trials (major factors: drug and refractive group; minor 
factor: time) and for the pre-drug condition between 
timolol and betaxolol trials (Snedecor & Cochran, 1980). 
As would be expected the variation in % regression 
over time was significant for all conditions. The 
drug effect was not significant for either the timolol 
trial [F(1,24)=0.16; P =0.69] or the betaxolol trial 
[F(1,24) = 1.19; P = 0.28]. Differences in regression pat- 
terns between refractive groups was just significant for 
the timolol trial [F(2,24)= 3.77; P =0.04] but not 
the the betaxolol trial [F(2,24)---0.38; P = 0.69]. No 
significant interaction effects were evident for any of the 
trials. 
The % accommodation regression data was con- 
densed for a subset of 3 LOMs to produce Fig. 2. The 
mean of each of the 7 mean sphere readings located 
symmetrically about the 10, 20, 30 and 40sec data 
points was computed. The initial 2 or 3 readings were 
not included as they were difficult to assess owing to the 
transient nature of the regression and the need on 
occasion to realign the instrument. The upper plots 
demonstrate the inter-subject variation shown in our 
previous studies and the general finding that regression 
to base-line levels usually occurs within 60 sec. The 
differences between pre- and post-drug regressions 
TABLE 2. Experimental results for refractive groups given in Table I 
EMMs EOMs LOMs 
Refractive groups ~( SD ~ SD X SD 
Task accommodation 
Near--Far,  all conditions (mean sph.D) 4.2 0.4 4.05 0.49 3.97 0.40 
lOP reduction (mm Hg) 
timolol 2.47 0.95 1.83 0.80 2.90 0.74 
betaxolol 1.94 1.27 1.93 0.92 2.30 0.97 
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FIGURE 2. Condensed % accommodation regression data for each ~-~ 
of 3 subjects drawn from the LOM group. Upper plots: The mean of 
each of the 7 mean sphere readings located symmetrically about the ~ 
10, 20, 30 and 40 sec data points is plotted against ime (data from ~ )' the initial 5 sec of recording is not included). The error bars represent, 
for each time period, the mean standard eviation (derived from each 
separate set of 7 data points) for all conditions. Lower plots: The E ~= 
difference, derived from each respective upper plot, between pre- and 
post-drug regression for timolol and betaxolol. Key: o -  Pre-timolol <: 
trial; ---D--- Pre-betaxolol trial; o -  Post-timolol trial; ~-  Post- 
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betaxolol. 
shown in the lower plots illustrate the diversity of 
drug effects for LOMs (which was also evident for 
each refractive group). Thus subject EW shows for 
timolol (relative to the betaxolol control) a retar- 
dation of normal regression to base-line levels (raw data 
for EW is presented in Fig. 1); subject CH equivalent 
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FIGURE 3. The data points are derived from the subtraction, for 
all subjects, of the lower plots illustrated in Fig. 2 (timolol-betaxolol) 
for each refractive group. Positive and negative values thus represent 
respectively the relative enhancement and attentuation of post-task 
hysteresis with timolol at various post-task intervals. Different symbols 
are assigned to each subject within refractive groups. The group mean 
(~)  is displaced for clarity. 
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fl-adrenoceptor antagonism is similar for each of the 
refractive groups. 
DISCUSSION 
The similarity between each of the three refractive 
groups with respect o the profile of responses to the 
/~-adrenoceptor antagonists employed leads us to reject 
the proposal that a deficit in sympathetic inhibition 
could qualify as a specific precursor to the develop- 
ment of late-onset myopia. Furthermore, the presence 
of sympathetic inhibition in certain individuals would 
appear to be a general feature of accommodative func- 
tion rather than one which is specific to a particular 
refractive group. 
Should the source of the differences between 
emmetropes and LOMs in accommodative regres- 
sion be found to reside in other components of the 
accommodation plant, there still remains the issue of 
what mechanism could link small latent modifications in
accommodative tonus to the principal structural corre- 
late of myopia, elongation of the posterior vitreous 
chamber. The putative mechanisms are at present still 
somewhat obscure but are likely to involve synergism 
between ciliary and choroidal smooth muscle tonus, 
resistance to intraocular pressure and scleral stretch 
(Van Alphen, 1986; Van Alphen & Graebal, 1991; 
Tamm, Liitjen-Drecoll, Jungkuntz & Rohen, 1991). 
In addition, it should be noted that studies on the 
epidemiology of myopia in the adult eye show that the 
onset and development of myopia associated with a 
substantial increase in near-work over a short period 
occurs across the whole of the ametropic ontinuum 
although susceptibility is more pronounced in existing 
myopes (O'Neal & Connon, 1987; National Research 
Council, 1989). In this respect it may be more profitable 
to identify elements that are common, rather than 
disparate to refractive groups. 
Anomalous within-task autonomic ontrol of steady- 
state sustained accommodation may indeed be one such 
common element although the results of this study 
would indicate that the exacerbation of myopia is 
unlikely to be mediated by the enhancement of accom- 
modative hysteresis resulting from a deficit in sym- 
pathetic inhibition. Although the study has adopted 
a simple methodology applicable to in vivo work on 
humans, the complexity of the pharmacological events 
that occur at autonomic neuro-effector junctions is 
fully appreciated. There may indeed be some differen- 
tial effects with regard to the ciliary smooth muscle 
fl-adrenoceptor antagonism induced by the agents used 
in this study (and these effects are difficult to quantify 
in pharmacokinetic terms) but it is possible for other 
differences to occur in relation to action on the ciliary 
processes, chloroidal and retinal vasculature and the 
CNS (via systemic absorption), each of which could 
conceivably have indirect effects on accommodation 
response (Owens, Winn, Gilmartin & Pugh, 1991; Vuori, 
Ali-Melkkilfi, Kaila, Iisalo & Saari, 1993). Further, the 
potential cross-linkage that can occur between system 
transmitters and system receptors at pre-synaptic sites 
make the functional consequences of fl-adrenoceptor 
antagonists extremely difficult to unravel (Starke, 
Gothert & Kilbinger, 1989). 
The study on cynomolgus monkeys by Liitjen-Drecoll 
and Kaufman (1986a, b) is of interest. Monkeys were 
treated twice daily in one eye with timolol (180 #1) or 
epinephrine (540-600 #1) for around a 6-month period. 
The timolol treated animals (N = 6) were found to be 
significantly more myopic, by approximately 2 D, than 
the epinephrine treated (N = 2) or the control animals 
(N = 11). The authors concluded that the increase in 
myopia could be mediated solely by ciliary muscle 
fl-adrenergic blockade but that their findings could also 
be consistent with pathophysiological changes in the 
trabecular meshwork and ciliary muscle. An additional 
intriguing possibility is that extralenticular elastic com- 
ponents of the eye, for example Bruch's membrane, 
could provide a route via which chronic interference with 
normal sympathetic function in the ciliary muscle might 
affect posterior portions of the globe (Tabb et al., 199l; 
Kaufman, 1992). 
Jensen (1991) carried out a recent extensive prospec- 
tive study of myopia progression in young school chil- 
dren which included the topical use of timolol maleate 
0.5% over a 2-yr period. The rationale for the use of 
timolol was based on its ocular hypotensive effect rather 
than on its ability to antagonise inhibitory fl2-adrenocep- 
tors. No significant effects were found on the rate of 
myopia development. Further insight into the possible 
influence of sympathetic nhibition may be gained from 
the recent demonstration of such inhibition in chick eye 
(Troilo, Li & Howland, 1993) and its incorporation i to 
animal models of myopia development. 
The homogenity of response profile to fl-adrenoceptor 
antagonists demonstrated by this study will clearly need 
to be verified for larger group samples which include 
hyperopes and individuals drawn from non-academic 
populations. Although the study would appear to 
discount a link between the sympathetic system and 
myopia development mediated by an anomaly of accom- 
modative function, a longitudinal or large cross- 
sectional investigation designed to test the correlation 
between response profiles and ametropic status would 
be of interest. 
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